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The e f f e c t of isotope l a b e l i n g on t h e course of simnle c h e a i c a l r e a c t i o n s i s o r d i n a r i l y presumed t o be n e g l i g i b l y s m a l l except i n t h e case of hydrogen and, perhaps, l i t h i u q . Thqt a p p r e c i s b l e isotope e f f e c t s can be found i n heavier elements i s demonstrated by t h e exchange processes ?or t h e c o n c e n t r a t i o n of the heavy i s o t o p e of carbon, c13. It must be emphasized from t h e s t a r t t h n t we a r e not h e r e i n it i s t o be expected t h a t c h e~i c a l e f f e c t s of l a b e l i n g w i l l mlke t h e a -(1) This paper i s based upon work performed under Contract #Y-7405-Eng-48 with t h e Atomic Energy Commission i n connection with t h e Radiation Laboratory, University of Csli f o r n i a , Berkeley, C a l i f o r n i a .
s e l v e s known p r i m a r i l y through changes i n r e a c t i o n r a t e . If a non-exchange process i s s t u d i e d it i s p o s s i b l e t h ; t t h e magnitude of t h e d e p a r t u r e from normal behavior w i l l be l a r g e compared w i t h t h~t observed i n a n exchange r e a c t i o n . The e q u i l i b r i u m c o n s t a n t f o r t h e r e a c t i o n w r i t t e n above i s 1.012 a t 25O, y e t d e p a r t u r e s d i f f e r e n t by a n o r d e r of magnit u d e have been observed i n t h e e l e c t r o n bonbardnent of propane l a b e l e d with c13 i n a t e r m i n a l p o s i t i o n .
I n a study of t h e i s o m e r i z a t i o n of Dropane, Beeck e t . a l . (2)
.
noted t h a t t h e w s k h e i q h t s on the!r mass s p e c t r o a e t e r r e c o r d were not t h o s e which one 17ould h a m n r e d i c t e d on t h o b a s i s of e q u a l d j ss o c i s t i o n p r o h a b i l M . e s f o r t h e C 12-c12 and c12-cL3 bonds. Ikperimcnts, on a sample c o n t a i n i n g 54 stom p e r c e n t excess c13 i n t h e l a b e l , showed t h a t t h e d i s s o c i 2 t i o n p r o b a b i l i t y of t h e C 12-c12 bond mas increased 7
percent and t h a t of t h e c12-C13 bond was decreased 1 2 percent from t h e c12-c12 d i s s o c i a t i o n p r o b a b i l i t y i n unlabeled propano. These f i g u r e s correspond t o a v a l u e of 1.22 f o r t h e frequency of r u p t u r e r a t i o c~~-c~~/ c~~-c~~.
Unpublished experiments by t h e same a u t h o r s y i e l d a r a t i o of 1.08 f o r t h e r a a l c r a c k i n g a t about 500'.
From t h e s e d a t a it i s p o s s i b l e t o p r e d i c t only t h e g r o s s e x t e n t of s i m i l a r d i f f e r e n c e s involving c14 l a b e l e d compolmds undcr d i f f e r o n t c o n d i t i o n s .
Decarboxyla$ion r e a c t i o n s c s n be aade t o t a k e p l a c e a t r a t h e r moderate temperatures, and f o r r, giver! r e a c t i o n t h e i s o t o p e e f f e c t observed should increase w i t h d e c r e a s i n g t e m e r a t u r e . Sunpose t h a t 
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propionic a c i d l a b e l e d with c14 i n t h e carboxyl group i s decarboxylated, and t h e c o n c e n t r a t i o n of ~1 4 i n t h c carbon d i o x i d e i s determined from time t o time. Assume t h a t t h e r u p t u r e of t h c c1*-c14 bond i s l e s s l i k e l y t h a n t h a t of t h e C 12-~1?. bond.At f i r s t , t h e c o n c e n t r a t i o n of C 14 i n t h e e f f l u e n t carbon d i o x i d e i s l e s s t h a n t h e c o n c e n t r a t i o n i n t h e i n t h e o r i g i n a l l a b e l , and a s t h o c o u r s e of t h e r e a c t i o n procedes t h e a c i d remaining bcconcs enriched i n cl' .
A s t h i s enrichment proc e s s t a k e s p l a c e t h e r a t e a t which cL4 i s evolved w i l l 5 ncreasc u n t i l , a s t h e l a s t rnalccul-s a r o docorposed, t h o c o n c e n t r a t i o n of cU i n t h e carbon d i o x i d e b c i n~ evolved i s xgrter t h a n t h s t of t h e o r i e i n a l l a b e l .
The end r o s~l t i s t o c o n v e r t t h e whole l a b e l t o a gaseous form and no nc? i s c t o p c c o n c e n t r a t i o n i s observed i f t h c decarboxylation i s c a r r i e d t o cca-letio., though s t any i n s t a n t up t o t h a t point, s o w ,
though d c c r e a s i n q , c o n c e n t r a t i o n n l l l have bcon s c h j cvcd.
I f a s y m s t r i c s l d i c s r b o x y l i c a c i d , s i m i l s r l y s i n z l y l a b e l e d , i s decomposed t o form a monocarboxylic a c i d and carbon dioxide, t h e p i ct u r e i s somcwhat d i f f c r o n t . The primary competetion t o l o s e carbon dioxide i s not s o muah betwecn molecules a s it i s between t h e d i f f e r e n t f u n c t i o n a l groups i n t h e samz molecule. A t f i r s t , t h e carbon d i o x i d e
would be irnpovcrishad i n and mono-acid produced would bc s l i g h t l y enriched i n t h e l a b e l .
The i s o t o p i c c o n s t i t u t i o n of t h e remaining d i -a c i d i s not a f f e c t e d . A s t h e r e a c t i o n procedes t h o r a t e s of rupt u r e f o r t h e two C-C bonds remain t h e same and t h e enrichment of t h e remaining a c i d and impoverishment of t h e evolved carbon dioxide t a k e s placc a t a c o n s t a n t r a t e ; t h e r c f o r u , t h e i s o t o p i c c o n c e n t r a t i o n s of b" t h e l a b c l i n t h o s e molecules remain thrj same t h r o * q h o a t t h e r e a c t i o n , though different from t h 7 t i n t h e o r i g i n a l d i -a c i d . Thus, symmetry
can be used t o " r e t i r e # ' p a r t of t h e flchcmjcally a c t i v e " l a b e l , t h e r e s u l t of vhjch process i s s l e w l r a t e of i s o t o p e l s b e l enhancement with s c o n s t a n t n e t e f f e c t st. any time.
"slonic a c i d mss l s h e l c d i n one carboxyl group by t h e r e a c t i o n of r a d i o a c t i v e s o d i m cysnido with i n a c t i v e c h l o r o a c e t i c a c i d , a f t e r
t h e procedure of ;:eincr ( 3 ) . (The s y n t h e s i s was c a r r i e d out on a s c a l e 1/50th a s l a r g e a s t h a t suggested i n r e f e r e n c e 3 . ) The product a a l o n i c a c i d was c a x f u l l y r s c r y s t a l l i . z e d from a n i x t u r o of d i c t h y l o t h c r and 60' pctrol-cum e t h e r . T h e recrystallized product melted a t 1 3 5 O , w i t h decompocition, .
PRCCEDL? FOR SIIBLL SADPTXS : -
A s m a l l amount of t h e s o l i d was placed i n thc: bottom of a 50 c c .
pcar shaped f l a s k , A s i d e srm admitted a c a p i l l a r y which l e d t o t h e bottom of t h e f l a s k and through which t h e sweep gas, nifrogan, was admittcd. Thc f l a s k ms heatod w i t h an o i l b a t h a t 150-155'.
The gas strcarn passad out of t h e f l s s k i n t o two smsll flcold-fingerl' t r a p s i n s e r i e s ; t h o s e t r s p s were cooled with a mixture of d r y i c e and i s o -
propyl a l c o h o l . T k f i r s t f i n g e r removed l i t t l e a c e t i c a c i d , b u t served t o c o o l t k c g a s stream so t h a t t h o a c i d was complctcly hold
back by t h e second t r a p . The gas stream vms t h e n conducted through two s p i r a l b u b b l e r s f i l l e d >vith 1 N sodium hydroxide. A f t e r spproximatoly 40 minutes h e a t i n g and sweeping t h e second t r a p was removed ( 3 ) iveincr, N., Organic Syntheses, C o l l . Vol. 11, John R i l e y & Sons, Inc., New York, 194.3, p. 374.
from t h e t r a i n and connected t o a combustion furnace. The t r a p was t h e n heated t o about 90' w i t h stoarn and t h e vapors of a c e t i c a c i d wero swept i n t o t h c furnace with oxygsi.
PROCEDUflE FOR LARGE SANPUS: -
The nrocedure employed w i t h t h c l a r g e r samples ass t h e same a s thst d e t a i l e d sbove except t h s t t h e second t r a p m s removod from t h c t r s i n snd uarmed t o room t e a p e r a t u r o a f t e r s smsll g l a s s s n g l e was attzichod t o t h e i n m t jo3nt. The r e s u l t s of 311 e x p c r i w n t s a r e shown i n Table I . The f r equency of r u p t u r e m t i o s were o b t a i n e d by p n i r i n g eech of t h e s p e c i f i c a c t i v i t y f i g u r e s i n t u r n w i t h t h o s e remsin4ng, l n d t h e approlch t o i d e n t i t y of t h c t h r s c q u o t i e n t s t h u s obtsined i s 3 melsuro of t h e i nt e r n 3 1 c o n s i s t e n c y of t h e e x p e r i m e n t~l l y d e r i n t h e s c t i v s t i o n e n e r g i e s of t h e two r u p t u r e processes.
